RmI, a circular chimera made of the polyomavirus (Py) genome with an insertion of mouse DNA (Ins), effectively undergoes intramolecular recombination in normal mouse cells, as indicated by the conversion of cloned RmI (RmIL) into unit-length Py DNA in transfected cultures. To follow the fate of the cellular component of RmI after recombination, the origin of simian virus 40 (SV40) DNA was inserted into the Ins region of RmIc, generating a new molecular species designated SV-RmIc. Intramolecular recombination of SV-RmIl in simian cells synthesizing SV40 large T antigen gave rise to a molecule containing the SV40 origin, as well as the reciprocal product, unit-length Py DNA. However, SV-RmIc failed to yield unit-length Py DNA in murine cells unless Py large T antigen was provided in trans. In murine cells synthesizing SV40 large T antigen, the only detectable product from SV-RmIc contained only Py sequences, but was heterogeneous in size. These results and others also reported here strongly suggest that Py large T antigen plays a direct role in the resolution of RmI in murine cells.
RmI, a circular chimera made of the polyomavirus (Py) genome with an insertion of mouse DNA (Ins), effectively undergoes intramolecular recombination in normal mouse cells, as indicated by the conversion of cloned RmI (RmIL) into unit-length Py DNA in transfected cultures. To follow the fate of the cellular component of RmI after recombination, the origin of simian virus 40 (SV40) DNA was inserted into the Ins region of RmIc, generating a new molecular species designated SV-RmIc. Intramolecular recombination of SV-RmIl in simian cells synthesizing SV40 large T antigen gave rise to a molecule containing the SV40 origin, as well as the reciprocal product, unit-length Py DNA. However, SV-RmIc failed to yield unit-length Py DNA in murine cells unless Py large T antigen was provided in trans. In murine cells synthesizing SV40 large T antigen, the only detectable product from SV-RmIc contained only Py sequences, but was heterogeneous in size. These results and others also reported here strongly suggest that Py large T antigen plays a direct role in the resolution of RmI in murine cells.
In the preceding paper (20) , we showed that RmI, a polyomavirus (Py)-mouse chimeric DNA whose organization is similar to that of a cointegrate, recombines in normal mouse cells to yield unit-length Py DNA (P155). This process occurs at a high frequency, is inhibited by replication of the precursor DNA, and yields a homogeneous viral DNA product (20) . As RmI itself arises via site-specific recombination (29), we were led to envisage a similar mechanism for the production of P155 from RmI (20) . However, homologous recombination not having been formally excluded, it appeared pertinent to investigate whether the recombination of RmI yielded only one product, P155. Indeed, it has been proposed recently that unlike site-specific recombination (20) , intramolecular homologous recombination is often nonreciprocal, or rather nonconservative (34) . For example, homologous recombination within transfected circular dimers of simian virus 40 (SV40) appears to generate not two but one monomeric genome (33) . Whether RmI gave rise to P155 alone or to both P155 and the reciprocal product, IR, could not be decided on the basis of the experiments described thus far, because the absence of an origin precluded the amplification of IR (20) (This work will be included in a thesis to be submitted by Alain Pichd in partial fulfillment of the requirements for the M.Sc. in Microbiology from the Universite de Sherbrooke.) MATERIALS AND METHODS Cells. We have described elsewhere the origin of the mouse 3T6 cells used in this study and the methods used to extract, purify, and characterize low-molecular-weight DNA (5, 6, 29) . SCOP-Tl cells (22) were provided by N. Glaichenhaus, COS-1 cells (11) by J. Weber, NIH-3T3 cells by R. Weinberg, and R1-4 and Ori-1 cells (8) by S. Chen. All of these cells were grown as recommended by the suppliers.
DNA transfections. The assays were performed by the method of Sussman and Milman (28) as already described (20) .
Cloning in Escherichia coli. The methods and most recombinants used were those described previously (20, 29) . To produce a modified RmI carrying the SV40 origin, recombinant plasmid p777, carrying the whole of the SV40 genome inserted at the BamHI site of pBR322 (4), was digested with Sau3A. The 1,347-base-pair (bp) fragment of SV40 DNA thus generated, which includes the origin (31), was preparatively isolated and ligated to BgIIH-cleaved pBj-20. Following bacterial transformation and characterization of several recombinant plasmids, one containing the desired insert was used throughout this work (pSVB, (29) . This fragment was isolated from recombinant pRH-II-1 (29 
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total cell RNA was extracted as described by Murphy et al. (17) . Viral RNA was detected by dot blotting (30) . RESULTS Our initial aim was to determine whether intramolecular recombination occurring in Rml leads to the formation of a product which is the reciprocal of P155. To render such a product readily amplifiable, we inserted the SV40 origin at the unique BglII site of pBj-20 (20) , producing pSVB,-20 (see Materials and Methods). Treatment of pSVB,-20 with Saill and ligase generated a circular chimera designated SV-Rmlc (Fig. 1) .
SV-Rml, replicates and recombines in COS cells. A recoinbination product inclusive of the SV40 origin was expected to be most readily detectable in a simian cell synthesizing SV40 LT, in which SV-Rml, itself should also replicate. Therefore, SV-Rml, was transfected into COS cells (11) , and the cells were incubated at 330C prior to DNA extraction by the Hirt method (13) . Two (Fig. 2A) . The same contrasting results between RmIc and SV-RmIl were observed when these molecules were transfected into mouse NIH-3T3 cells (not shown). Together these findings suggested that the SV40 origin interfered with the expression of a function of RmI that was needed for its replication and recombination in normal mouse cells. The validity of this conclusion was tested by two different approaches.
In the first series of experiments, the effect of the SV40 origin on the expression of some of the functions encoded by RmI was investigated. Monolayer cultures of mouse 3T6 cells were transfected with 1 ,ug of DNA, which was either viral DNA selectively extracted from mouse cells lytically infected with tsP155 or recombinant plasmid DNA originating from E. coli (26) . The recombinant DNA had either undergone no enzymatic treatment (pI-1) or else been treated with SalI and ligase to excise and recircularize the cloned insert, RmIc or SV-RmIc (20) . At 24-h after transfection, total RNA was extracted, digested with DNase, and dot blotted onto a nitrocellulose sheet (see Materials and Methods). After hybridization with a Py DNA probe, the resulting autoradiogram was scanned, and the area under the peaks was estimated by weighing the pieces of paper with a In a second series of experiments, SV-RmIc was transfected into Py-transformed cells known to complement early temperature-sensitive mnutants of Py for growth at the restrictive temperature (SCOP cells) [22] (Fig. 4,   left) . SV-RmIc also generated DNA of lower molecular weight, as evidenced by rehybridizing the same blot with a Py DNA probe (Fig. 4, right) . However, this probe demonstrated not one but several molecular forms smaller than SV-RmIc. These forms were likely to have arisen fronm SV-RmIc via recombination. Indeed, they lacked detectable SV40 sequences, as if they had specifically lost the SV40 origin that was inhibitory to replication.
The accumulation of DNA illustrated in Fig. 4 (20; this report) and to a far greater extent than noted for SV-RmIc (Fig. 4) Recombination of SV-RmIc. In normal mouse cells, SVRmIc was obviously far less effective than RmIc in yielding P155. This could not be the consequence of the reduced ability of SV-RmIc to replicate, since we had observed earlier that P155 was more readily generated from cloned RmI when replication of the latter was impeded (20) . In this work also, recombination products eventually became as abundant as SV-RmI, even though SV-RmIc was partially handicapped for replication (Fig. 2, 3, and 4) (20) .
Second, recent evidence suggests that LT may often be supplied as a limiting factor. For instance, it has been shown that SV40 DNA replication depresses early viral transcription and thus the synthesis of LT (14, 15) . High amounts of LT, such as may be needed for site-specific recombination, may thus be available only when viral DNA replication is depressed. This would explain why P155 is produced late after transfection with RmIc and early after transfection with p1-1 (20) . Third, that Py LT is required for recombination of RmI would also explain why P155 is readily produced in (Fig. 4, left) , this finding indicates that the recombination event under study has lost here some or all of its original specificity. It is possible that oligomerization of LT is essential to its activity in recombination, just as it is essential to its function in the initiation of replication, a function which requires binding of this protein to the viral DNA (25) . It is also possible that in R1-4 and Ori-1 cells, heterologous oligomers are formed between the SV40 LT encoded by the resident viral genome and the Py LT specified by the transfected DNA, and that such heterologous oligomers function differently from homologous oligomers in recombination. This assumption suits well the observation that R1-4 and Ori-1 cells, which synthesize different forms of SV40 LT, generate different recombination products (Fig. 4) .
The patterns of recombination observed for R1-4 and Ori-1 cells not only suggest that the specific factor needed for recombination is LT, but also make it particularly difficult to assume that such a factor could be cellular rather than viral. It is indeed striking that homogeneous recombination products were formed in 3T6, NIH-3T3, SCOP, and COS cells and heterogeneous products in R1-4 and Ori-1 cells. However, it appears unlikely that while either Py or SV40 would evoke a cellular factor yielding a homogeneous product, a heterogeneous product would be formed when such a factor(s) would be evoked simultaneously by the two viruses.
Role of LT in the resolution of RmI. If LT indeed participates in the resolution of RmI, what would be its role in this process? LT is known for its affinity for the origin of viral DNA, and our results could be interpreted to indicate that binding of LT to this site modifies the conformation of RmI into a more "recombinogenic" one. However, we have no reason to exclude the possibility that LT would bind specifically to the origin and also to other portions of RmI, as for instance the 182-bp repeats, which are of the size of some sites involved in site-specific recombination events (1, 23) .
LT and recombination. A role of LT in integration, rearrangement, and excision of viral DNA has been well established, but these roles were always assumed to reflect the ability of this protein to trigger viral DNA replication (2, 3).
However, a number of mutants have been described for both SV40 and Py which appear to code for an LT defective in viral DNA replication but not in the establishment of transformation (10, 12, 16, 21) . Also, rearrangement of integrated SV40 DNA was found to depend on the availability of LT, but on neither the presence of a functional origin of replication (G. Blanck, R. Pollack and S. Chen, personal communication) nor the ability of LT to bind to this origin (32) .
Finally, we have observed ourselves that supplying a lytic LT that is fully active in the initiation of viral DNA replication does not promote the excision of an otherwise inducible viral genome, such as that integrated in Cyp cells (9) . Together these observations point to an involvement of LT in phenomena such as integration, excision, and rearrangement of DNA which could be unrelated to its role in the initiation of viral DNA replication. If this were the case, we may be able to understand why SV40 LT is essential to SV40 DNA excision while seeming to have no effect on the frequency of either homologous or nonhomologous recombination in SV40 DNA (18, 27) .
